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Abstract
Background Information on anaphylaxis among recipients of vaccines against the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) remains scarce.
Objective To identify the observed incidence of anaphylaxis in recipients of different anti-SARS-CoV-2 vaccines.
Methods A nationwide observational study among recipients of 61,414,803 doses of seven different anti-SARS-CoV-2 
vaccines, describing the incidence and characteristics of adult patients (age ≥ 18 years) who developed anaphylaxis as an 
adverse event following immunization (AEFI) against SARS-CoV-2 vaccines between December 24, 2020, and October 
15, 2021, in Mexico.
Results Sixty-six patients developed anaphylaxis as an AEFI, for an overall observed incidence of 1.07 cases per 1,000,000 
(95% CI 0.84–1.37) administered doses. Eighty-six percent of the patients were female, consistent with previous reports 
of AEFI to COVID-19 vaccines. mRNA-based vaccine recipients had the highest frequency of anaphylaxis, followed by 
adenovirus-vectored vaccines and inactivated virus recipients, with an observed incidence of 2.5, 0.7, and 0.2 cases per 
1,000,000 doses administered, respectively. Only 46% of the patients received correct treatment with epinephrine as the first-
line treatment through the appropriate route and dose. We detected one case of anaphylactic reaction-related death occurring 
5 min following immunization with ChAdOx1 nCov-19 for a mortality rate of 1.5% among those who developed this AEFI.
Conclusions In our population, anaphylactic reactions were infrequent. Our study provides further evidence supporting the 
security of these newly developed vaccines.
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Introduction

Vaccination is the most effective intervention to reduce the 
global burden of the coronavirus disease 2019 (COVID-
19) pandemic. Mexico provides a unique scenario to evalu-
ate the potential adverse events following immunization 
(AEFI) against the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) since eight different vac-
cines have been granted emergency approval: BNT162b2, 
mRNA-1273, ChAdOx1 nCov-19, rAd26-rAd5, Ad5-
nCov, CoronaVac, BBV152, and Ad26.COV2-S. [1]

The USA reports an incidence of anaphylactic reac-
tions as an AEFI against SARS-CoV-2 of 4.8 cases per 
1,000,000 doses of BNT162b2 and 5.1 cases per 1,000,000 
doses of mRNA-1273 [2]. However, information on ana-
phylactic reactions among recipients of other non-mRNA-
based vaccines is scarce [3], either because they are still 
being studied in phase 3 trials or differences in epidemi-
ological surveillance systems data collection protocols. 
Here, from a nationwide registry of serious AEFI, we aim 
to report the incidence of anaphylaxis among recipients 
of 61,414,803 doses of seven different anti-SARS-CoV-2 
vaccines in Mexico since the beginning of the vaccination 
program from December 2020 to October 2021, according 
to the database of the National Board of Epidemiology, 
the federal agency responsible for overseeing COVID-19 
immunization nationwide. The first vaccines to be admin-
istered were BNT162b2 (for healthcare workers), followed 
by ChAdOx1 nCov-19 and Ad5-nCov (elderly general 
population and education workers) during the program’s 
first semester.

Methods

A nationwide observational study describing the incidence 
and characteristics of adult (age ≥ 18 years) patients who 
developed anaphylaxis as an AEFI against SARS-CoV-2 
during 10 months (December 24, 2020, to October 15, 
2021). The cases were officially reported to the Mexican 
Ministry of Health through a passive epidemiological sur-
veillance system. Diagnosis and reports rely upon physi-
cian criteria, collecting data from more than 23,300 private 
and public medical units across the country. The study 
was reviewed and approved by the Instituto Nacional de 
Ciencias Médicas y Nutrición Salvador Zubirán (registry: 
NER-3903–21-23–1) Ethics and Research Committees, 
who waived the need for signed informed consent due to its 
observational nature. This report was generated according to 
the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) reporting guidelines [4].

Since Mexico started its anti-SARS-CoV-2 vaccination 
campaign on December 24, 2020, the Ministry of Health 
appointed multidisciplinary ad hoc committees to evaluate 
each potentially severe AEFI. The hereby-reported cases 
were reviewed by an expert-led Allergy and Immunol-
ogy sub-committee through weekly meetings with each 
patient’s attending physician. Details of these ad hoc com-
mittees and the Mexican epidemiological surveillance sys-
tem protocols have been published elsewhere [5–7]. We 
included patients with reports of anaphylaxis evaluated 
by the Allergy and Immunology ad hoc committee. Cases 
with an alternate diagnosis explaining the symptoms were 
excluded.

Data Collection and Definitions

Data for this report were collected by the ad hoc commit-
tee members during the virtual sessions with the patients 
attending physicians using a standardized case report format 
and entered into a secure online database. The Allergy and 
Immunology sub-committee evaluated each case, deter-
mined the anaphylaxis diagnostic certainty according to the 
Brighton Collaboration criteria [8], and assessed the severity 
according to the Brown grading system [9].

Statistical Analysis

Categorical variables are reported as frequencies and pro-
portions. After testing for normality with the Kolmogo-
rov–Smirnov test, continuous variables are presented as 
either median with interquartile range (IQR) or mean with 
standard deviation (SD). We compared the clinical mani-
festations according to vaccine platforms as mRNA-based 
(BNT162b2 and mRNA-1273) and other vectors (ChAdOx1 
nCov-19, rAd26-rAd5, Ad5-nCov, CoronaVac, BBV152, and 
Ad26.COV2-S) using the χ2 or Fisher’s exact tests, as appro-
priate. Observed incidences for each vaccine subtype per 
1,000,000 administered doses with 95% confidence inter-
vals (CI) were calculated using the Wilson method [10]. All 
p-values were two-tailed and considered significant with a 
value < 0.05. Analyses were performed with IBM SPSS Sta-
tistics, version 26 (IBM Corp., Armonk, NY, USA).

Results

During the study time frame, 66 patients with anaphy-
laxis were detected; mean age of 41 ± 11 years; 86% were 
females (Table 1); for an overall observed incidence of 
1.07 cases per 1,000,000 (95% CI 0.84–1.37) administered 
doses (Table 2). When categorized according to the plat-
form, mRNA (BNT162b2 and mRNA-1273) vaccine recip-
ients had the highest frequency of anaphylaxis, followed 
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by adenovirus-vectored vaccine (ChAdOx1 nCov-19, 
rAd26-rAd5, and Ad5-nCov) recipients, and inactivated 
virus (CoronaVac) recipients, with an observed incidence 
of 2.5, 0.7, and 0.2 cases per 1,000,000 administered 
doses, respectively. There were no reports of anaphylactic 

reactions with Ad26.COV2-S and vaccination with 
BBV152 had not begun at the time of the data collection.

Anaphylaxis cases were reported from 16 out of the 32 
states in Mexico, and over half of them (37/66) were from 
a single state. Over two-fifths of the cases were reported 
among healthcare workers (44%), mainly nurses (19 
patients). Six patients had a history of anaphylaxis, with 
a median of 1 episode, and two patients had multiple epi-
sodes. None of the patients had anaphylaxis reports in the 
month before vaccination. Thirty-nine percent of patients 
had other comorbidities; hypertension and diabetes were 
the most frequent. Most reactions occurred among first-dose 
recipients (86%), and in 9 (14%) patients, they occurred after 
the second dose; of the latter, two had reported an allergic 
reaction to the first dose. The patients did not receive any 
premedication.

In 59% of patients, reactions occurred within the first 
15 min after immunization during the first 15 to 30 min in 
24%. The most frequent clinical manifestations were respira-
tory (94%), cutaneous (71%), and cardiovascular (67%). Fig-
ure 1 shows the most frequently reported symptoms. When 
comparing the clinical manifestations of mRNA-based vac-
cines to other platforms, there were no statistical differences 
in cutaneous, gastrointestinal, respiratory, or neurologic 
manifestations. Cardiovascular manifestations of anaphy-
laxis were higher among mRNA-based vaccine recipients 
(Table 3).

According to Brighton Collaboration Criteria, 41% of 
patients fulfilled a level 1 diagnostic certainty and 44% a 
level 2. Regarding severity, according to the Brown clas-
sification, two-thirds of patients were classified as moderate 
(Brown 2) and one-third as severe (Brown 3). Three patients 
even had a history of allergic reactions with the first dose 
and still received the second dose without a diagnostic 
approach; two patients developed anaphylaxis to the second 
dose, and the other one received the second dose using the 
same platform without any adverse event.

The median time from symptom onset to epinephrine 
administration was 5 min (IQR 5–11); only 46% of the ana-
phylaxis treatment had epinephrine as the first-line drug, at 
an appropriate dose, and through the preferred intramuscular 
route. Out of the patients who received epinephrine, only 
19.7% required multiple doses (Table 1). Furthermore, there 
was inappropriate route administration of epinephrine, 8% 
intravenous and 11% subcutaneous. Regarding other non-
first-line treatments, systemic corticosteroids were used in 
85% and antihistamines in 64%.

Over half of the patients received treatment with two or 
more drugs, including supplemental oxygen, intravenous 
fluids, β2 agonists, nebulized epinephrine, and budesonide. 
Other drugs used as first-line treatments included steroids 
in one-third of the cases and antihistamines in 8%. Eighty-
eight percent of patients required in-hospital supervised 

Table 1  Baseline characteristics

Variable n = 66

Female sex, n (%) 57 (86)
Age, mean (± SD) 41 (11)
History of allergic disease, n (%) 46 (70)

  Drug allergy 30 (46)
  Food allergy 22 (33)
  Asthma 12 (18)
  Rhinitis or rhinoconjunctivitis 9 (14)
  Anaphylaxis 6 (9)
  Allergic reaction to the first dose of the COVID-19 

vaccine
2 (3)

  Allergic reaction to other vaccines 1 (1.5)
  Urticaria 1 (1.5)

Comorbidities, n (%) 26 (39)
  Hypertension 11 (17)
  Diabetes 11 (17)
  Autoimmune disorders 5 (8)
  Obesity 3 (5)
  Others 6 (9)

Time from vaccination to reaction, median (IQR), min-
utes

10 (5–20)

Doses of epinephrine, n (%)
  None 13 (19.7)
  1 40 (60.6)
  2 11 (16.7)
  3 1 (1.5)
  4 1 (1.5)

Table 2  Unadjusted incidence of anaphylaxis per million doses 
administered

Abbreviation: CI, confidence interval. *Incidence per 1,000,000 doses 
administered

Vaccine Number of 
cases

Doses Observed inci-
dence (95% CI)*

BNT162b2 35 15,258,253 2.29 (1.65–3.19)
mRNA-1273 6 1,136,468 5.28 (2.42–11.52)
ChAdOx1 nCov-19 13 25,174,907 0.52 (0.30–0.88)
Ad5-nCoV 8 5,902,174 1.36 (0.69–2.67)
rAd26-rAd5 2 3,307,049 0.60 (0.17–2.21)
Ad26.COV2-S 0 1,167,975 0 (0)
CoronaVac 2 9,467,977 0.21 (0.06–0.77)
All vaccines 66 61,414,803 1.07 (0.84–1.37)
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treatment for a median duration of 12 h (IQR 5–24), while 
some declined admission. Five patients were treated at a crit-
ical care unit for further monitoring; four were discharged 
without any complications, and one required intubation 
due to cardiopulmonary arrest at arrival at the emergency 
department; this patient died (1.5%). None of the patients 
had received a follow-up vaccination dose at the moment of 
data collection.

The anaphylactic reaction-related death occurred 5 min 
after the first dose of ChAdOx1 nCov-19; the patient did 
not have a history of allergic disease or previous episodes of 
anaphylaxis. He presented with sudden altered mental sta-
tus, fainting, and progressive respiratory failure. He received 
advanced cardiopulmonary resuscitation (CPR) protocol, but 
the response was unsuccessful. He was treated with intra-
venous adrenaline as part of the CPR protocol, anaphylaxis 
was not suspected during the acute episode, and they did 

not measure serum tryptase. However, the post-mortem 
histopathological examination reported edematous airway 
tissue with mast cell degranulation and positive markers for 
tryptase, identifying anaphylaxis as the cause of death.

Discussion

In our study, anaphylactic reactions were infrequent AEFIs 
against SARS-CoV-2. Over two-thirds of our patients had 
a history of drug or food allergies; a higher proportion is 
expected in the general population [11, 12]. It is known that 
females are more likely to develop drug allergies and drug-
induced anaphylaxis [13, 14], an association hypothetically 
linked to sexual dimorphism by other authors; in this series, 
we found a female to male ratio of 6:1. Also, healthcare 
workers, particularly nurses, had a higher prevalence of 
drug allergy concurrent to previous reports [15]. Mortality 
in our series (1.5%) was somewhat higher than described 
by other authors [16]. The only patient who died of ana-
phylaxis had no cutaneous manifestations, which may have 
delayed the diagnosis. To our knowledge, this is the first 
report to include a case of fatal anaphylaxis secondary to 
anti-SARS-CoV-2 vaccines and will be the subject of discus-
sion in another article. It is important to note that less than 
half of the patients (46%) received correct treatment with 
epinephrine as the first-line treatment through the intramus-
cular route and at an appropriate dose.
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Fig. 1  Clinical manifestations of patients with anaphylaxis to anti-SARS-CoV-2 vaccines

Table 3  Clinical anaphylaxis manifestations according to the vaccine 
platform

Manifestation, n (%) mRNA-based 
(n = 41)

Other platforms 
(n = 25)

p-value

Cutaneous 30 (73) 17 (68) 0.653
Gastrointestinal 16 (39) 5 (20) 0.107
Respiratory 40 (98) 22 (88) 0.114
Cardiovascular 31 (76) 13 (52) 0.048
Neurologic 22 (54) 14 (64) 0.853
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Over half of the patients were reported in a single state, 
attributable to the high awareness, index of suspicion, and 
continuous education about anaphylaxis treatment imparted 
to the healthcare workers of this state’s largest vaccination 
center. In the beginning, most of the reactions were attrib-
uted to BNT162b2 and scattered through the country. Fol-
lowing the first semester, the health authorities started the 
application of the rest of the platforms. Jalisco — the state 
that reported the highest number of anaphylaxis — began 
with educational efforts to identify and treat these reactions 
promptly. Education to personnel administering COVID-19 
vaccines is critical and might improve patients’ survival. 
As a part of the educational training, the sub-committee in 
Allergy and Immunology has participated in several webi-
nars to share the diagnostic approach and management of 
allergic reactions to SARS-CoV-2 vaccines. In Mexico, a 
previous study reported that systemic corticosteroids are 
more frequently used in anaphylaxis than epinephrine, the 
cornerstone of treatment [16]. Corticosteroids may help pre-
vent biphasic reactions but have insufficient evidence in the 
acute setting [17]. In this case series, the correct approach 
with epinephrine was fortunately used as the first-line treat-
ment in several patients.

In previous reports of anti-SARS-CoV-2 vaccine-related 
anaphylactic reactions, polyethylene glycol (PEG) and pol-
ysorbate 80 (PS80) have been mechanistically associated 
with the development of allergic reactions. [3, 18, 19] PS80 
is present in multiple injectable drugs, such as monoclonal 
antibodies and vaccines, including conjugated pneumococ-
cal vaccines [3]. The exact underlying immunological mech-
anisms of these rare but severe reactions are yet to be eluci-
dated [20]. Anaphylaxis is a severe life-threatening, usually 
immediate AEFI caused by massive mast cells and basophil 
activation triggering the release of multiple chemokines, 
promoting anaphylaxis development. This activation can be 
mediated through different receptors, not always related to 
mechanisms classically defined as an allergy.

Currently, IgE-receptor-mediated and non-IgE-receptor-
mediated reactions are the most likely pathophysiological 
mechanisms involved in developing anaphylaxis as an AEFI 
with the current anti-SAR-CoV-2 vaccines. [18] IgE-recep-
tor-mediated reactions to vaccines, also known as classical 
allergic reactions, are usually caused by inactive ingredients 
or excipients used as preservatives [18]. Not all excipients 
that could cause anaphylactic reactions to these COVID-
19 vaccines have been entirely determined. Still, the most 
likely culprits are PEG (in mRNA-based vaccines) and its 
derivatives, including PS80 (in viral vector vaccines). PEGs 
are polymers of ethylene oxide that vary in their molecular 
weights ranging between 200 and 35,000 g/mol [21, 22]. 
They can be found in many pharmaceutical and cosmetic 
products. PS80 is commonly used in vaccines, steroids, 
immunoglobulin formulations, and over 7000 FDA-approved 

medications [23]. Because they are present in so many 
widely used products, these compounds can sensitize a per-
son’s immune system and predispose them to have reactions 
of varying severity after exposure [24]. Despite this, it has 
not always been possible to demonstrate the presence of IgE 
against these compounds in the skin or in vitro tests. Due 
to the ease and experience of performing these tests [20], it 
is common to try to demonstrate this mechanism first. Still, 
other mechanisms that do not depend on IgE receptors must 
be investigated when they are negative.

In addition to IgE receptors, mast cells and basophils have 
many other receptors that activate their degranulation (non-
IgE-receptor-mediated reactions). Receptors can also trigger 
these cells for other immunoglobulins such as IgG, recep-
tors for complement anaphylatoxins such as C3a and C5a, 
or receptors for proteases such as MRGPRX2 (Mas-related 
G-protein-coupled receptor member X2) [18, 25]. In par-
ticular, the MRGPRX2 receptor has drawn special attention 
due to its ability to be activated by preservatives and excipi-
ents in different drugs and vaccines [18, 19]. The role these 
receptors may play in anaphylactic reactions to COVID-19 
vaccines and their importance in predicting the risk of future 
reactions continue to be investigated. The PEG- or PS80-
stimulated basophil activation test can help demonstrate the 
participation of these cells by mechanisms dependent on 
IgE receptors or other receptors [22]. As the exact pathohis-
tological mechanisms are yet to be elucidated, to determine 
the etiology of the reaction between platforms, the workup 
for all anaphylactic reactions to anti-SARS-CoV-2 vaccines 
must include skin testing, specific IgE determination for 
PEG and PS80, and Sanger sequencing for MRGPRX2. [20]

Our study has limitations. First, despite anaphylaxis being 
a serious AEFI due to the passive nature of the Mexican epi-
demiological system where diagnosis and reports rely upon 
physician criteria, cases presenting with mild symptoms may 
be underreported or underdiagnosed. At a national level, 
most states’ underreporting seems to be related to a lack of 
awareness regarding anaphylaxis diagnosis and treatment. 
Second, as only patients evaluated by the ad hoc committee 
were included, our analysis is prone to selection bias. Lastly, 
as the Mexican immunization program against SARS-CoV-2 
has reached remote communities, most of them with limited 
medical resources, we could not establish causality or evalu-
ate the potential mechanisms involved in developing this 
life-threatening AEFI.

In conclusion, our study provides further evidence sup-
porting the security of these newly developed vaccines. Con-
stant surveillance of adverse reactions attributable to these 
newly developed vaccines is critical to ensure the safety of 
future vaccine recipients. The continuous training of health-
care workers involved in vaccination campaigns worldwide 
to identify anaphylactic reactions is essential for a timely 
diagnosis and proper treatment.
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